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Abstract Defining the biological and physicochemical
parameters in soil under illegally dumping sites provides
information on the real threat and the direction of changes
in the soil environment. The aim of the study was to
investigate the effect of uncontrolled dump sites which
differed in the composition of the waste deposited on the
development of selected groups of soil microorganisms and
the activity of redox enzymes and selected physicochemi-
cal soil parameters. Additionally, it was verified whether
the biological and physicochemical parameters differ in
soil depending on the depth (0–20 and 20–40 cm). The
research covered three waste landfill sites (W1, W2, W3),
the arable field (A) found in the zone of the effect of the
dumping site as well as the control point (C). The micro-
biological analyses show that most amylolytic microor-
ganisms (87.0 9 105 cfu), celullolytic (46.4 9 105 cfu),
proteolytic (148.6 9 105 cfu) and bacteria in total
(123.2 9 105 cfu) were isolated from the surface later of
control soil (C), and definitely least—from the area of
dumping sites W1 and W2. The waste accumulated in W1
and W2 led to the soil depletion in organic matter, inhibited
the development of microorganisms and their enzymatic
activity. The soil under landfill site W3 showed the highest
values recorded for physicochemical properties, the count
of Actinobacteria, as well as the activity of dehydrogenases
and catalase. The concentration of heavy metals in soil
under landfill site W3 was even tenfold higher than the
values recorded at the other measurement points, which
must have been due to the effect of the type of the waste
dumped in landfill site W3, where biodegradable waste of
organic origin dominated. Disturbing the biological control
and unfavourable changes in the microbiocenotic compo-
sition were mostly revealed in soil at landfill site W1.
Keywords Catalase  Dehydrogenases  Heavy metals 
Landfill  Microorganisms  Soil
Introduction
Uncontrolled waste landfill sites pose a serious threat to the
operation of the natural environment as well as to human
and animal health. Unlike the controlled domestic waste
landfill sites, they are not in any way secured from the soil
with a layer of geomembrane; neither do they have
hydroisolating insulation nor a separated protection zone
(Guan et al. 2014). Of all different types of the mixed waste
deposited, hazardous waste is also found in, e.g. paint,
varnish, electrolyte residue, used batteries and fluorescent
tubes, expired medications, plant protection agents or their
packaging. As a result of the rainwater infiltration, there is
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as well as surface and ground waters. The migration of
toxic substances from the waste deposited and their lea-
chates down the soil profile poses a risk of an increasing
degradation of the environment, especially the soil envi-
ronment. The recognition of the impact of uncontrolled
landfill sites on the biological and physicochemical state of
soils is essential from the point of view of environmental
protection and human ecology (Fra˛czek and Ropek 2011;
Nagarajan et al. 2012).
The biochemical soil properties reflect the effect of
favourable and unfavourable environmental factors. The
quantitative changes in microorganisms and, consequently
also a change in the enzymatic activity of soils, are the
earliest signals of changing life processes in the environ-
ment (Bielin´ska et al. 2013). Microorganisms are an inte-
gral soil component and play a number of functions in the
processes which are key to the energy flow and the circu-
lation of matter in the environment (transformations of
organic matter, making nutrients available, biodegradation
of pollutants, creating and maintaining the adequate soil
structure). As a result of the supply of new resources of
matter, the intensity of biochemical processes can drop
rapidly or—just the opposite—increase. Organic compo-
nents show a varied susceptibility to biodegradation since
the waste of plant and animal origin (the so-called waste
getting rotten), as well as paper undergo degradation easily
(Sinegani et al. 2005; Halasz et al. 2008; Salazar et al.
2011). Inorganic fractions (e.g. metals, glass, ceramics,
ash, debris), although not undergoing biodegradation,
affect its pattern. Many chemical compounds can be toxic
or mutagenic, which affect the metabolism of soil organ-
isms and their release of the products of metabolism.
Various metals, e.g. Ni, Cd, Pb, Cr, Zn, detergents, plant
protection agents, cyanides or ammonia, have an unfa-
vourable effect on the development of some microorgan-
isms. They inhibit the metabolism of anaerobic
microorganisms which are more sensitive than the aerobic
ones (Frey et al. 2006).
Soil pollution with heavy metals slows down the bio-
logical processes as a result of a change in the species
abundance and diversity of soil macro- and microorgan-
isms. The chemical soil degradation occurs fast, and under
such conditions microorganisms can have a limited or even
complete lack of access to nutrient and energy substrates
which, as a result, leads to weakening the circulation of
some biogenes. The literature which covers the effect of
heavy metals on microorganisms, although vast (Frey et al.
2006; Oliveira and Pampulha 2006), is not however,
unambiguous. Frey et al. (2006) and Khan et al. (2010)
point to a negative effect of heavy metals on microorgan-
isms, whereas Dong et al. (2006) demonstrated that some
stimulate the multiplication of various bacterial species. An
important role in stimulating or inhibiting the effect of
heavy metals on microorganisms and their enzymatic
activity is attributed to physicochemical soil parameters:
pH, richness in nutrients, grain size composition, soil type.
In the soil environment some metals, e.g. nickel, especially
in neutral soils, undergo biological, chemical and physic-
ochemical sorption, which weakens its effect on microor-
ganisms and, at the same time, it can activate some
enzymes (Schloter et al. 2003; Oliveira and Pampulha
2006).
The role played by microorganisms in soil makes the
parameters based on microbiological studies supply
information which cannot be achieved by applying
physical and chemical measurements. Microorganisms
react fast to changes in the environment and so they get
easily adapted to new conditions and quickly respond to
environmental stresses (Romanı´ et al. 2006). They con-
stitute the main source of many soil enzymes; the greatest
role of which is played by enzymes-representing classes’
oxidoreductases and hydrolases. Their activity shows the
degree and the level of changes in the soil environment
affected by natural and anthropogenic factors. Dehydro-
genases [EC1.1.1] serve as an indicator of the total
metabolic activity of microbiological soil population
catalysing the redox reaction (Salazar et al. 2011). Soil
catalase [EC 1.11.1.6] catalyses the decomposition of
harmful hydrogen peroxide to water and molecular oxy-
gen. It is present in the cells of all the microorganisms
which use oxygen for breathing processes. Microorgan-
isms in the soil are responsible for the degradation of
organic matter to release nutrients (Nwaogu et al. 2014).
When heavy metals are retained in the soil through
repeated contamination, they interfere with microbial key
biochemical processes, impair enzyme synthesis and
activity in soil. Excessive concentration of heavy metals
in plants can cause, e.g. oxidative stress.
Microbiological and biochemical indicators are consid-
ered most dynamic and sensitive, and changes in the life
functions of soil microorganisms are often considered an
early signal of a decrease or increase in the soil quality.
The evaluation of the soil processes based on the micro-
biological parameters concerns investigating the size and
the diversity of the population of soil microorganisms
(functional, taxonomic), as well as biochemical functions.
The literature review (Schloter et al. 2003; Bielin´ska and
Mocek-Pło´ciniak 2009) shows that microbiological and
enzymatic parameters are among most frequently selected
for soil state monitoring.
The aim of the research has been to evaluate the effect
of uncontrolled landfill sites which differed in the com-
position of deposited waste on the development of
selected groups of soil microorganisms and the activity of
redox enzymes against selected physicochemical soil
parameters.
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Materials and methods
Location of soil sampling
Having made the site visit in the autumn of 2013 for the
purpose of research, there three locations of illegal waste
landfill sites in the forest area in the Bydgoszcz commune
were selected (53120N; 18010E; the Kujawy and Pomorze
Province, central Poland, Europe). Those were point
landfill sites which covered the areas of about 25 m2,
labelled W1, W2, W3. In the morphological composition of
object W1, mixed waste, including debris and ceramic
waste, glass, plastics, metals, textiles and used elec-
trotechnical equipment were present. In object W2, elec-
trotechnical equipment, tyres and textiles were present,
whereas, landfill site W3 accumulated the waste of organic
origin from households and cut grass as well as residue
from garden maintenance. 30 m away from landfill site W3
in the arable field of corn, Clarica cultivar (FAO 220), in
monoculture (to be used for silage) another sampling point
was defined labelled (A), to determine the zone of the
effect of landfill site W3 on arable soil. As control point
(C) a location far from the waste landfill sites was defined
and not within the zone of their effect. Soil samples were
taken with the Egner stick from two depths 0–20 and
20–40 cm. In the landfill site, a layer of waste was
uncovered and then soil was sampled. Bulk soil samples
were collected for each studied site W1, W2, W3, A and
the control. Each soil sample was a mixture of five sub-
samples taken randomly in the selected area of 5 9 5 m.
The soil samples, transported to the laboratory in sterile
plastic bags were stored at 4 C for microbial and enzyme
analysis and room temperature to physicochemical
determinations.
Soil analysis
Physicochemical parameters of the soil
In the air-dried soil samples with disturbed structure, sieved
through Ø 2 mm screen, selected physicochemical proper-
ties were assayed: pH in H2O and pH in KCl measured
potentiometrically (PN-ISO 10390: 1997), organic carbon
(Corg) with the Tiurin method (PN-ISO14235: 2003), the
granulometric composition with the laser diffraction method
applying the Masterssizer MS 2000 analyser. In the samples
analysed,the total content of lead, nickel and cadmium was
measured after the mineralisation in the mixture of
HF ? HClO4 acids with the Crock and Severson’s method
(1980). The total contents and mobile forms were deter-
mined by applying the method of atomic absorption spec-
troscopy with the PU 9100X spectrometer (Philips).
Microbial analyses
The microbiological analyses of the soil samples collected
involved determining the total count of heterotrophic
bacteria, actinomycetes, filamentous fungi and amylolytic,
cellulolytic, proteolytic microorganisms. Ten grams of
each soil sample was added to 90 ml of Ringer’s solution.
After homogenisation for 30 min, tenfold serial dilutions
were made (10-1–10-6). Then inoculations of the soil
solutions prepared were made on proper culture media. To
determine the total count of bacteria, Standard I nutrient
agar (provided by Merck) was used (Atlas 1997). Actino-
mycetes were isolated on the Pochon medium with 100
nystatin lg ml-1 (Pochon and Tardieux 1962) and fila-
mentous fungi were isolated on the Martin medium (1950).
The number of amylolytic microorganisms was determined
on the selective medium with 0.2 % of starch (Difco)
according to Boguszewska (1980). Cellulolytic microor-
ganisms were tested on the agar medium containing 0.1 %
sodium carboxymethylcellulose (Sigma) according to the
method Strzelczyk and Szpotan´ski (1989). Proteolytic
microorganisms were isolated on the medium with 2 %
gelatine (Difco) according to Pochon and Tardieux (1962).
The incubation of microorganisms was carried out at
25 C for 4–5 days, and 10 days—for actinomycetes. All
determinations were performed in four replicates. After the
incubation period, the colonies grown on Petri dishes were
counted. The number of colony forming units (CFU) was
determined per 1 g of soil dry matter (CFU g-1 d.m. of soil).
Biochemical measurements
Soil moist samples were sieved (2 mm mesh) and stored in
a plastic box at 4 C for not less than 2 days in order to
stabilise the microbial activity and analysed for catalase
and dehydrogenases activities within 1 week. The activity
of selected redox and hydrolytic enzymes: the activity of
dehydrogenases (DEH) [E.C. 1.1.1] in soil with the Thal-
mann method (1968), after soil incubation with 2,3,5-
triphenyl-tetrazolium chloride and a measurement of
triphenylformazan (TPF) absorbance at 546 nm and was
expressed as mg of TPF kg-1 24 h-1. The activity of
catalase (CAT) [E.C. 1.11.1.6] was recorded in soil with
the Johnson and Temple method (1964) and measured by
applying the manganometric titration of the surplus of
H2O2 under acidic conditions.
Statistical analysis
For the population of the results reported, the measures of
variation were calculated (standard deviation—SD, coef-
ficient of variation—CV %). The coefficient of variation of
the parameters analysed was calculated as follows:
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CV = (SD/X) 9 100, where: CV—coefficient of variation
(%), SD—standard deviation, X—arithmetic mean. The
values where 0–15, 16–35, and [36 % indicate low,
moderate, or high variability, respectively. The results of
research were statistically verified applying a two-factor
analysis of variance (ANOVA), assuming factor I—the
sampling location and factor II—the depth. Significant
statistical differences of all the variables among the dif-
ferent sites studied were established using Tukey’s test at
p = 0.05. At the same time the results of the analyses of
the properties investigated were exposed to the analysis of
simple correlation (p\ 0.05) to define the level of
dependence between the respective properties. The analysis
of correlation was performed in the STATISTICA for
WINDOWS Pl software.
Results and discussion
The basic physicochemical properties of the soil samples
are broken down in Table 1. The breakdown reveals that
the soils studied showed the reaction from acid to neutral;
the values expressed in pH H2O ranged from 4.42 to 7.35,
while in 1 M KCl—from 3.36 to 7.30 (Table 1). The
highest pH value was recorded in the soil under landfill site
W3 and the lowest value—under W2. In the surface hori-
zons sampled from the landfill sites both the active acidity
and exchangeable acidity were lower than in the sub sur-
face horizons. Mostly supplied with debris, various forms
of calcium result in a decrease in the acidity of the surface
soil layer they were stored on, which was not noted in the
samples under landfill site W1. Such materials do not cover
the soil in specific objects evenly, and so in sandy soils,
accompanied by a strong water permeability, within the
landfill site a decrease in the acidity is often point-like in
nature (Bielin´ska and Mocek-Pło´ciniak 2009). All the
illegal landfill sites (W1, W2, and W3) were located in the
forest soil area, similarly as the control point. Acid soils are
common in forest ecosystems, and there is documented
evidence of pH influencing transformations of organic
matter in soil (Tonon et al. 2010). It was found that a
definitely higher pH value in soil under landfill W3, as
compared with the control (pH H2O 4.74), which could
have been due to the organic origin waste decomposing
there. According to Wang et al. (2013), the kind of the
matter accumulated and the processes of its decomposition
can contribute to the change in the soil reaction. One can
thus assume that the waste in landfill site W3 could have
changed its reaction from acid to neutral.
The dominant fraction in the soil samples studied was
the sand fraction from 2.0 to 0.05 mm in diameter. The
analysis of the grain size composition noted inconsiderable
amounts of the clay fraction from 0.68 to 2.21 %. The
samples were classified only as two grain size groups:
loose sand and loam sand (according to USDA).
The content of organic carbon in soil fell within a wide
range: 1.61–26.56 g kg-1 (depending on the object and the
soil sampling depth) (Table 2), which was confirmed with
a high coefficient of variation CV 83.03 % (Table 5).
Based on the analysis of variance there was a significant
effect of the soil sampling location and depth (Table 2).
The highest amounts were reported in the surface horizons
of all the objects (mean 14.0 g kg-1). The maximum
amount of the parameter was noted in the surface horizon
under landfill site W3 (26.56 g kg-1), which included most
organic waste. Similar relationships were reported in
uncontrolled landfill sites by Meller et al. (2012). The
values of organic carbon in the 0–20 cm horizon of landfill
site W3 were higher than the values in the arable field
(10.48 g kg-1). The lowest amount of Corg was assayed in
soil under W1 and W2 (in the surface layer 4.11 and
5.52 g kg-1, respectively). The comparison of those values
with the control (23.35 g kg-1) demonstrated soil organic
matter depletion under W1 and W2. Forest soils
Table 1 Selected
physicochemical properties
Sampling location Horizon pH Fractions (%)
cm H2O KCl 2.0–0.05 mm 0.05–0.002 mm \0.002 mm
C 0–20 4.74 3.36 79.77 19.5 1.08
20–40 4.46 3.83 87.28 12.8 0.68
W1 0–20 4.74 4.55 85.47 12.82 1.71
20–40 4.83 4.67 92.59 6.47 0.94
W 2 0–20 4.42 4.35 77.05 20.73 2.21
20–40 4.52 4.49 85.60 12.48 1.91
W3 0–20 7.17 6.87 77.33 21.68 1.00
20–40 7.35 7.30 79.98 18.05 1.97
A 0–20 6.09 5.37 76.39 21.67 1.94
20–40 6.18 5.93 76.66 21.30 2.04
C control, W1, W2, W3 uncontrolled landfill sites, A arable field
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demonstrate a naturally high content of humus gradually
accumulating in the surface layer. The key source of
organic matter in the control soil was a gradual accumu-
lation of the matter from fallen tree leaves and dead
undergrowth (Brogowski and Chojnacki 2013), while in
sites W1 and W2, due to the waste deposited, there was no
inflow of fresh organic matter and easily water-soluble
humus compounds (fulvic acids), produced as a result of
the process of mineralisation, can get leached out deep
down the soil profile and accumulated in the lower layer of
the parent material.
The content of organic carbon is one of the most
essential soil parameters and so its deficit affects other soil
properties; hence, a lower carbon content under W1 and
W2 as well as a definitely higher value under W 3, as an
effect of the waste accumulated, must have affected other
physicochemical and biological soil parameters.
The content of heavy metals (Pb, Ni and Cd) soluble in
the mixture of concentrated acids HF and H2ClO4 in the
soil surface horizons under landfill sites was as follows: for
lead—3.71 to 21.44 mg kg-1 (CV 102 %), for nickel—
from 4.0 to 13.97 mg kg-1 (CV 73.1 %) and cadmium—
from 0.4 to 0.763 mg kg-1 (CV 26.3 %) (Table 5). Based
on the analysis of variance a significant effect of the soil
sampling location was found. The highest concentration of
heavy metals was noted in the soil under landfill site W3
(on average Pb 13.31 mg kg-1; Ni 10.3 mg kg-1; Cd
0.65 mg kg-1); those values were even several-fold higher
than the ones found in the control sample and in the other
sampling locations. A higher content of the heavy metal in
the soil under landfill site W3, as compared with other
sites, must be the effect of decomposing organic residue
from waste which contributed to the accumulation of
organic matter, which in turn, affected its retention in soil.
Land rich in organic matter actively retains metallic ele-
ments. The concentration of metals depends on the possi-
bility of forming, together with organic soil components,
complex or chelate compounds. The stability of chelates
depends on, e.g. on the soil reaction and the kind of the
metal ion (Gustafsson et al. 2003; Khan et al. 2010). In the
soil under landfill site W3, with a neutral reaction and a
considerable content of humus, no migration of the metals
under study occurred. The depth of the soil sampling also
showed a significant effect on the content of the metals
studied. The values recorded in the surface horizons
exceeded the content in the subsurface horizons (Table 2).
Under Regulation of Minister of Environment (2002) on
the standards of soil and earth quality, all the data are
characteristics for the unpolluted areas. However, accord-
ing to the boundary values proposed by Kabata-Pendias
et al. (1993), the soil in landfill site W3, in the samples of
which a high concentration of Cd was noted; this was the
only one which can be considered to represent soils with an
elevated content of that metal (I pollution with Cd). The
elevated contents of cadmium in the surface horizons of
sandy soils are a result of an increased organic matter and
the soil capacity for retaining heavy metals. One shall note
the relationships between the occurrence of heavy metals
and their bioavailability, and the physicochemical proper-
ties of soil. The mobility of heavy metals in the landfill site
is determined by environmental conditions, the water
content and chemical bonds, with fine-grain materials,
Table 2 Content of organic carbon and selected heavy metals
Sampling location
I factor
Corg Pb Ni Cd
g kg-1 mg kg-1
Depth (cm) II factor
0–20 20–40 mean 0–20 20–40 mean 0–20 20–40 mean 0–20 20–40 mean
C 23.35 12.06 17.70 7.326 4.938 6.132 3.788 3.575 3.681 0.325 0.413 0.369
W1 4.11 2.37 3.24 3.714 0.336 2.025 4.000 4.063 4.031 0.400 0.425 0.413
W2 5.52 1.61 3.57 4.674 0.696 2.685 5.938 5.150 5.544 0.500 0.375 0.438
W3 26.56 7.66 17.11 21.44 5.172 13.31 13.97 6.625 10.30 0.763 0.538 0.650
A 10.48 8.46 9.47 4.446 4.638 4.542 6.450 6.788 6.619 0.550 0.450 0.500
Mean 14.00 6.43 10.22 8.321 3.156 5.738 6.830 5.240 6.035 0.508 0.440 0.474
LSD0.05
I factor 0.16 0.922 1.495 0.149
II factor 0.069 0.395 0.640 0.064
Interaction
I/II 0.227 1.303 2.114 0.211
II/I 0.153 0.882 1.431 0.143
C control, W1, W2, W3 uncontrolled landfill sites, A arable field, LSD0.05 least significant difference
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precipitation in a form of salts, the precipitation with fer-
riferous or phosphorus minerals or bonding with the
organic soil phase being most essential. The phase critical
for metals mobilisation is the acid phase. An increase in
redox potential and a decrease in the reaction value which
occurs in the acid phase of waste deposition with a little
amount of organic matter enhance the mobility of the
following metals: lead, cadmium, zinc, copper and mercury
(Bouzayani et al. 2014; Liu and Sang 2010). Such condi-
tions could have occurred in sites W1 and W2 and heavy
metals got leached out deep down the soil profile.
The microbiological analyses showed that depositing
waste at the locations not allocated for such purpose sig-
nificantly disturbed the microbiological balance. The count
of the groups of microorganisms assayed in the control
point was compared with the values recorded in the soil
under landfill sites W1, W2 and W3, which facilitated
pointing to the places where there occurred inhibition and
where soil microflora development got stimulated. A
change in the abundance of microorganisms was deter-
mined by not only the location of the testing points but also
the level of the soil sampling depth. Not all the groups of
microorganisms reacted similar to the effect of the depos-
ited waste. The highest values for the total population of
bacteria were reported in the surface layer of the control
point (C) and they were significantly higher, as compared
with the other testing sites (Fig. 1a). Definitely the lowest
count of bacteria was determined in the soil from landfill
site W1, followed by W2. However, in the soil sampled
under the landfill site containing organic waste (W3) as
well as under corn (A), similar counts of bacteria were
reported, 85.7 and 87.7 9 105 cfu g-1 d.m. of soil,
respectively. The statistical analysis confirmed that a sig-
nificant factor affecting the count of bacteria was also the
depth where the bacteria were isolated from. In the soil


























































































Fig. 1 Number of microorganisms in soil under uncontrolled landfill
sites (W1, W2, W3), arable field (A) and point control (C); a total
count of bacteria, b amylolytic microorganisms, c cellulolytic
microorganisms, d proteolytic microorganisms. LSD0.05 for interac-
tion I/II, I factor- sampling locations, II factor- depth [cm]
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than at the depth of 20–40 cm, irrespective of the site. The
greatest a-dozen-or-so differences in the count of the bac-
teria isolated were visible between horizons at point C
(Table 3).
Exactly the same tendencies, as those noted in the
occurrence of the total population of bacteria in the objects
monitored, were reported still for three physiological
groups of microorganisms (Fig. 1b–d). Amylolytic
(Fig. 1b), cellulolytic (Fig. 1c) and proteolytic microor-
ganisms (Fig. 1d) were isolated mostly in the surface layer
of forest soil (C) and definitely least from the area of
landfill sites W1 and W2. The count of microorganisms
hydrolysing starch and protein in soil under W3 and arable
field was also significantly lower, as compared with the
control and, at the same time, from a few to a dozen-or-so
times higher than in the soil under landfill site W1 and W2.
As for the total count of bacteria and for those three groups,
the vertical distribution in soil was similar. In the layer at
the depth of 20–40 cm the lowest count of microorganisms
hydrolysing starch, cellulose and protein occurred under
landfill site W1 and the control, while most in the arable
soil (point A). The research performed by Furczak and
Joniec (2002) on the activity of proteases in the 0–20 and
20–40 cm soil layers points to their clear stimulation in the
upper soil layer; however, this effect depended on the
supply of the content of the fertilisation material.
The analysis of the correlation shows a significant
relationship between the content of Corg and the total count
of bacteria, amylolytic, cellulolytic and proteolytic
microorganisms (Table 4). Similarly, according to Taylor
et al. (2002), the enzymatic activity of microorganisms
correlates with the content of Corg. The studies defining the
count of active proteolytic, cellulolytic, amylolytic
microorganisms can provide much precious information on
the state of the soil environment. The level of the count of
physiological groups of microorganisms points to the
intensity of the catalysed transformations, e.g. the decom-
position of protein, cellulose and starch. Their lowered
amount in soil can indicate that, in that environment vari-
ous inhibitors exist (Schloter et al. 2003). Such phe-
nomenon could be seen in the soil surface layer from the
area of dumping sites W1 and W2 since the count of cel-
lulolytic, amylolytic and proteolytic microorganisms was
many-fold lower than in the control and in the arable soil.
Different relationships were found for the occurrence of
Actinobacteria (Fig. 2a). Exceptionally low counts were
isolated from the control soil (C) since they did not exceed
1.8 9 104 cfu g-1 d.m. of soil. Definitely more Acti-
nobacteria occurred in the other measurement points and
the highest count (235.5 9 104 cfu) was reported in landfill
site W3. Similarly in the soil under corn (point A) there
occurred significantly more Actinomycetes than in points
W1, W2 and C. The count of Actinobacteria was also
affected by the soil sampling depth. The greatest dispro-
portions in the count of Actinobacteria across the horizons
occurred in the soil under landfill site W3 and arable land,
as much as fivefold, and much lower in the control soil and
from objects W1 and W2. A significant correlation was
found between the count of Actinobacteria and pH value.
The development of Actinobacteria was most stimulated by
the soil conditions within landfill site W3 where, at the
same time, the highest content of carbon (26.56 g kg-1)
Table 3 Activity of dehydrogenases (DEH) and catalase (CAT)
Sampling location
I factor
DEH CAT DEH CAT
mg TPF kg-1 24 h-1 mM H2O2 kg
-1 soil min-1 mg TPF kg-1 Corg 24 h




0–20 20–40 mean 0–20 20–40 mean 0–20 20–40 mean 0–20 20–40 mean
C 0.132 0.108 0.120 18.92 11.38 15.15 5.652 8.955 7.303 810 944 877
W1 0.180 0.072 0.126 17.28 7.857 12.57 43.80 30.40 37.11 4206 3298 3752
W2 0.432 0.228 0.330 45.57 23.57 34.57 78.23 141.7 109.9 8256 14,569 11,458
W3 8.268 2.136 5.202 89.57 42.49 66.00 311.4 279.0 295.2 3373 5543 4458
A 4.620 0.936 2.778 48.71 29.85 39.28 441.0 110.6 275.8 4649 3530 4090
Mean 2.726 0.696 1.711 44.01 23.02 33.51 176.0 114.1 145.8 4249 5595 4927
LSD0.05
I factor 0.133 6.587 16.27 3257
II factor 0.057 2.821 6.968 n.s.
Interaction
I/II 0.189 9.316 23.01 4606
II/I 0.128 6.307 15.58 3118
C control, W1, W2, W3 uncontrolled landfill sites, A arable field, LSD0.05 least significant difference, n.s. differences not significant
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and pH (7.17) was noted. The effect of bio-degrading
organic waste in landfill W3 was an increase in the amount
of C org in soil, which, in turn, mostly contributed to the
increase in the count of Actinobacteria. They are typical
soil microorganisms and they always occur where organic
matter is found at large amounts. A high enzymatic activity
provides them with a high potential of decomposing vari-
ous substances; simple carbohydrates and polysaccharides,
hydrocarbons, steroids, lignins, chitin and humic acids
(Romani et al. 2006). Microorganisms representing the
order Actinomycetes are in general, aerobic organisms,
although one can find a few anaerobic species representing
the genera Actinomycetes and Micromonospora (Eppard
et al. 1996), and it is obvious that their count in soil
decreases with depth (Taylor et al. 2002). One can assume
that an increased development of Actinobacteria in soil in
landfill site W3, as compared with fungi, which were here
isolated at much lower numbers, comes from the fact that
Actinobacteria got most adapted to the conditions changed
due to the waste accumulated there. Actinobacteria are
known from the decomposition of hardly biodegradable
substances and their use as the source of carbon, with
which, on the other hand, other groups of microorganisms
cannot cope. According to Fra˛czek and Ropek (2011), the
count of Actinobacteria as well as other groups of
microorganisms in the soil of arable fields in the neigh-
bourhood of landfill sites depends on the distance and the
geographic direction of the location of the land under use
against the landfill site. In their studies they reported def-
initely least Actinobacteria in the soil from remedied sector
of the landfill site of municipal solid waste.
As affected by various substances reaching the soil with
pollutions, the qualitative composition of microbicenoses
gets modified; there is a recession of many genera of
bacteria which, so far, dominated the group of autochtonic
microflora, the advantage is taken over by other species,
mostly fungi representing the class of Deuteromycetes
(Romanı´ et al. 2006). Hyphae fungi were determined in
biggest numbers in the soil in landfill site W2 (Fig. 2b). In
all the other points their number was significantly lower.
Table 4 Correlation coefficients among the investigated parameters
B.total Actin. Amyl. Cel. Prot. DEH CAT Corg H2O KCl Pb Ni Cd
B. total – 0.88 0.941 0.916 0.727
Actin. – 0.990 0.921 0.691 0.667 0.861 0.947 0.912
Amyl. – 0.948 0.985 0.790
Cel. – 0.973 0.765
Prot. – 0.805
DEH – 0.914 0.748 0.720 0.829 0.908 0.917
CAT – 0.697 0.703 0.822 0.911 0.926
Corg – 0.849
H2O – 0.670 0.801
KCl – 0.646 0.800
B. total total count of bacteria, Actin. Actinobacteria, Amyl. amylolytic microorganisms, Cel cellulolytic microorganisms, Prot proteolytic












































(a) (b)Fig. 2 Number of
microorganisms in soil under
uncontrolled landfill sites (W1,
W2, W3), arable field (A) and
point control (C);
a actinobacteria, b fungi.
LSD0.05 for interaction I/II
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The conditions least favourable for the development of
fungi occurred in the soil under W1 since their number in
the 0–20 cm layer was 8.9 9 104 cfu and in the 20–40 cm
layer—0.5 9 104 cfu g-1 d.m. of soil. The comparison of
fungi with other isolated groups of microorganisms shows
that it was not too high since it did not exceed
31.6 9 104 cfu g-1 d.m. of soil. As already highlighted, an
important factor affecting the development of assemblages
of soil microorganisms is pH. Hyphae fungi, as compared
with bacteria or Actinobacteria, are more tolerant to a
lowered reaction of the environment. Acid reaction does
not show an inhibiting effect on the development of fungi,
which accounts for the occurrence of their greatest amounts
in soil with the lowest pH of 4.42. During their develop-
ment, moulds form an abundant branched out mycelium,
which loosens the soil structure and enhances the perme-
ability of processed waste and, at the same time, has a
favourable effect on improving aerobic conditions of the
environment (Sinegani et al. 2005). The soil sampling
depth for the purpose of analyses was also of significant
importance for the number of fungi. Both in the area of
landfill sites and outside their effect there were more fungi
in the 0–20 cm than in the 20–40 cm layer. Similarly
Taylor et al. (2002) and Fierer et al. (2003) showed the
greatest number of fungi and other microorganisms in the
surface soil layer, which was decreasing deep down the soil
profile.
The research shows that uncontrolled landfill sites
affected the microbiological composition of soil. The waste
accumulated in W1 and W2 led to the soil depletion in
organic matter, which in turn, inhibited the development of
microorganisms and their enzymatic activity. A definitely
lower content of Corg in soil under W1 and W2, as com-
pared with the control (for similar pH) limited the avail-
ability of that element to heterotrophic microorganisms,
which, as a result, decreased their count. The statistical
analysis revealed a significant effect of the testing site on
the count of the groups of microorganisms studied. The
comparison of the count of microorganisms identifies that
all the groups were most unfavourably affected by the
waste deposited in landfill site W1. At that place the count
of microorganisms isolated from both depths was lowest
and the numerical values were from a few-to-a-few dozen
times lower, as compared with the other sites (C, A, W3
and W2). The waste accumulated, especially the toxic
compounds they contain, can undergo many chemical and
biochemical transformations, migrate deep down the soil
and get included into geochemical cycles (Halasz et al.
2008). The highest concentration of heavy metals was
assayed in the soil under landfill site W3, whereas in the
soil under W1 and W2, it was a few-fold lower. Irrespec-
tively, the level of the count of microorganisms (except for
fungi) was definitely higher in soil W3 than in W1 and W2.
Only a higher content of Ni and Cd was noted in the soil
samples under W1 and W2, as compared with the control.
The lack of a negative effect of heavy metals on
microorganisms in the soil under landfill site W3 could
have been due to other factors. Drawing on the vast col-
lection of literature, one shall state that the bioavailability
of heavy metals in soil is affected by many parameters
(granulometric composition, organic matter content,
occurrence and form of cations, pH value, sorption
capacity, content of macro and micronutrients, oxidation–
reduction potential) (Frey et al. 2006; Liu and Sang 2010;
Oliveira and Pampulha 2006). Increasing the amount of
organic matter in the soil under W3, helps to minimise the
absorption of heavy metals by microorganisms The for-
mation of metal–organic complexes in soil is very impor-
tant due to the prevention of leaching of toxic ions of heavy
metals from soil, as well as their partial detoxication and
limiting the uptake by microorganisms (Gustafsson et al.
2003; Khan et al. 2010). The reports by Frey et al. (2006)
show that the greater the pollution of forest soils with waste
containing heavy metals, the greater the count of Acti-
nobacteria, while the ratio of the count of bacteria to the
count of Actinobacteria decreases, as Actinobacteria show
a high activity in the decomposition of organic matter
(Romanı´ et al. 2006). Thanks to all that the harmful effect
of heavy metals can be, to some extent, eliminated. The
results reveal that the statistical analysis points to a positive
correlation between the count of Actinobacteria and the
heavy metals studied, including the highest value reported
for nickel; Ni (r = 0.947, p\ 0.05), Pb (r = 0.861,
p\ 0.05), Cd (r = 0.912, p\ 0.05) (Table 4).
The count of microorganisms demonstrates a very high
results variation, which was confirmed with an extremely
high value of the coefficient of variation (CV 80.0–159 %)
(Table 5). The highest disproportions between landfill sites
W1 and W2 and the control site were reported in the total
count of bacteria, amylolytic, cellulolytic, proteolytic
Table 5 Statistical parameters of the content of the microbes, activity enzymes and the organic carbon and heavy metals
Parameters B.total Actin. Amyl. Cel. Prot. Fungi DEH CAT Corg Pb Ni Cd
SD 39.4 73.6 28.8 17.1 52.3 8.80 2.71 24.3 8.48 5.89 4.85 0.12
CV [%] 80.0 159 112 94.1 123 83.9 158 72.6 83.03 102 73.1 26.3
B. total total count of bacteria, Actin. Actinobacteria, Amyl. amylolytic microorganisms, Cel cellulolytic microorganisms, Prot proteolytic
microorganisms, DEH dehydrogenases, CAT catalase; SD standard deviation, CV coefficient of variation
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microorganisms, and the lowest—in the count of fungi,
which can point to disturbed biological balance in the soil
environment and unfavourable changes in the microbio-
cenotic composition as well as soil metabolism. The reports
by Bielin´ska and Mocek-Pło´ciniak (2009) confirm high
differences in the biological soil activity in the area and the
neighbourhood of uncontrolled landfill sites as well as a
varied degree of soil contamination. A considerable
intensity of the occurrence of the groups of microorgan-
isms studied and biochemical processes was observed in
the soil under landfill site W3, as compared with the con-
trol, which must have been connected with the richness of
organic compounds in the waste deposited which had a
direct effect on the surface soil layer. The soil in landfill
site W3 showed the highest values recorded for physico-
chemical properties, the count of Actinobacteria, as well as
the enzymatic activity. Such high values were not recorded
at the other sampling points, which must have been due to
the type of the waste accumulated in landfill W3, the
composition of which was dominated by the biodegradable
waste of organic origin with a large amount of plant resi-
due. The landfill, located 30 m away from the arable field,
did not deteriorate its microbiological soil properties. The
differences in the count of microorgnisms in soil in
damping site W3 and under corn plantation were incon-
siderable; Actinobacteria were the only ones proven sig-
nificantly more under the waste deposited. The studies
reported by Bielin´ska and Mocek-Pło´ciniak (2009) showed
that the zone of the effect of uncontrolled landfills does not
exceed 50–70 m. According to Natywa et al. (2010),
growing corn has a negative effect on the balance of
organic substance depleting soil, and that happens due to
numerous tillage treatments. The results reported by those
authors show that the total count of bacteria and actino-
mycetes in soil under corn was similar to that reported in
this paper in the soil studied in the neighbourhood of
landfill W3, however, Natywa et al. (2010) isolated less
fungi with a maximum of 74.5 9 103 cfu g-1 d.m. soil.
The activity of dehydrogenases and catalase provides
information on the count and activity of soil microorgan-
isms. Both redox enzymes are very sensitive to pollution
with heavy metals. Their activity is used as a test of heavy
metals toxicity. Based on the analysis of variance a sig-
nificant effect of both the types of the waste deposited and
depth on the activity of dehydrogenases in soil was found.
The greatest activity of that enzyme was recorded in the
soil sampled from the soil under landfill W3, where organic
waste was stored (5.202 mg TPF kg-1 soil 24 h-1)
(Table 3), which was connected with the supply of organic
compounds in landfills deposited into soil, which at the
same time, intensifies the enzymatic activity (Fierer et al.
2003). The lowest activity of dehydrogenases was recorded
in the control soil sampled, which was not affected by
landfill sites (0.120 mg TPF kg-1 soil 24 h-1). The usual
decreases in the activity of that enzyme are connected with
oxygen deficit in soil, inaccessibility of nutrients or pH
changes. In the soil sampled from field (A) where corn was
grown for silage and which was located in the vicinity of
landfill site W3 (about 30 m away) the activity was
2.778 mg TPF kg-1 soil 24 h-1. The activity of dehydro-
genases points to a very high results variation, which was
confirmed with an extremely high value of the coefficient
of variation (CV 158 %) (Table 5), which in turn, was
affected by both the soil sampling place, and the depth and
the type of the waste deposited.
The activity of catalase, similar to dehydrogenases, was
highest in the soil sampled from point W3 (both from the
depth of 0–20 cm—89.57 mM H2O2 kg
-1 soil min-1, and
from 20–40 cm—42.49 mM H2O2 kg
-1 soil min-1), while
the lowest activity of the enzyme was reported in the soil
sampled from point W1 (12.57 mM H2O2 kg
-1 soil min-1,
mean for both depths), which was connected with the type
of waste deposited (Table 3). Catalase released from the
cell also shows a considerable stability in soil — thanks to
the sorption at the surface of clay minerals as well as the
adsorption with soil organic colloid. Catalase is active over
a wide pH range, and its activity does not drop until pH
goes below 3.5. In the present research pH ranged as fol-
lows: pHH2O 4.42–7.35 as well as pHKCl 3.36–7.30. A high
value of the coefficient of variation (CV = 72.6 %)
(Table 5) of catalase activity showed a low homogeneity of
the results, with most of the results being lower than the
mean value.
Both the activity of dehydrogenases and catalase was
decreasing with depth (Table 3). The highest activity of
dehydrogenases (2.726 mg TPF kg-1 24 h-1) and catalase
(44. mM H2O2 kg
-1 soil min-1) was found in the soil
sampled from horizon 0–20 cm. In the subsurface layer the
activity of dehydrogenases was 76 % lower, and catalase—
48 % lower, which is connected with the distribution of
organic matter as well as microorganisms in soil (Kizilkaya
and Dengiz 2010). Deep down the soil profile there is a
decrease in the count of microorganisms and the amount of
humus as well as exudations from plant roots, constituting
the main source of food for soil organisms (Song et al.
2008).
The analysis of correlation identified a practically
complete dependence between the activity of soil dehy-
drogenases and the content of Pb (r = 0.829, p\ 0.05), Ni
(r = 0.908, p\ 0.05) as well as Cd (r = 0.917, p\ 0.05),
which must have been a result of a lack of a negative effect
of heavy metals on the activity of enzymatic proteins of
microorganisms. Neither the count nor the species diversity
of microorganisms being the source of soil enzymes
changed. The natural content of heavy metals did not cause
oxidative stress (Dong et al. 2006), and so there occurred
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no inhibition of the activity of dehydrogenases and soil
catalase. Heavy metals at low concentrations can stimulate
the development of microorganisms and thus the activity of
enzymes in soil.
No significant dependencies were recorded between the
activity of the enzymes studied and the content of organic
carbon. According to Bielin´ska et al. (2013), it could have
been due to a low share of humus substances, thus limiting
the access to easily available C determining the develop-
ment of microorganisms being the source of enzymes.
Usually a low content of organic matter in soil makes it
difficult to compare the absolute values of the enzymatic
activity and makes a clear diagnosis of their variation
impossible since it is not possible to determine whether the
changes are due to a low content of organic matter or
whether there is a real difference in their activity (Trasar-
Cepeda et al. 2008). For that reason, to compare the effect
of the factors studied on the enzymatic changes of soil the
values of their activity per Corg are used (Barriuso et al.
1988). The lowest activity of the oxidoreductases was
reported in the soil sampled from the control point (DEH
7.303 mg TPF/kg Corg/d; KAT 877 mM H2O2/kg Corg/
min). In the soil covered by the impact of uncontrolled
landfill sites, the highest activity of dehydrogenases was
recorded in the soil from point W3 (295.2 mg TPF/kg Corg/
d), whereas catalase W2 (11458 mM H2O2/kg Corg/min)
(Table 3). In the soils affected by anthropogenic impact
there was a significant decrease in organic matter (Table 3)
and the changes also led to a relatively lower activity of the
oxidoreductases expressed in Corg. According to Trasar-
Cepeda et al. (2008), greater organic matter losses in soil
stimulate the enzymatic activity expressed in Corg., which,
however, was not confirmed by our research.
Uncontrolled waste damping in forest and mid-field
areas can deteriorate biological and physicochemical soil
properties, and so such places should be controlled and
evaluated in terms of the level of the environmental
changes.
Conclusions
Defining the biological (microbiological and biochemical)
as well as physicochemical parameters in soil in the area of
uncontrolled landfills provides information on the state and
direction of changes in the soil environment. The waste
deposited in an inadequate place disturbed the biological
activity of soil. Unlimited and uncontrolled emissions of
various substances into soil inhibit the development of soil
bacteria and, as a result, result in a decrease in their count
and enzymatic activity, which disturbs the soil environment
homeostasis. The count of microorganisms in soil of the
arable fields neighbouring with the landfill site did not
differ considerably from the count in the soil of sustainable
forest ecosystem. The greatest disproportions were seen in
the count of Actinobacteria.
The composition of the waste accumulated showed to be
an essential element affecting the count of microorganisms
and their enzymatic activity as well as physicochemical
properties. In the area of the landfill site containing mixed
waste, including debris, plastics, metals, textiles and used
electrotechnical equipment the lowest values of all the
indices studied were noted. The conditions most stimulat-
ing for the development of microorganisms and a consid-
erable intensity of biochemical processes as well as the
highest concentration of heavy metals occurred in the soil
under the landfill site containing a large amount of organic
waste mostly of plant origin. One shall add, however, that
the concentration of heavy metals in the soils studied,
exposed to the effect of landfill sites, makes it possible to
classify them as unpolluted soils with a natural content of
Pb, Ni, Cd.
The operating illegal places of waste deposition are a
potential threat for the natural environment, which was
confirmed by the present studies. Papers which cover that
subject should be continued since they will allow for
evaluating ecological effects of a gradual accumulation of
pollution in the soils surrounding uncontrolled landfill sites
of municipal solid waste.
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